ABSTRACT Many approaches are being tested to control the red imported Þre ant, Solenopsis invicta Bü ren. Biological control through the use of parasitoids and parasites is promising. Among the parasitoids of these ants, Pseudacteon spp. (phorid ßies) are receiving special attention. One of these species, Pseudacteon tricuspis Borgmeier, has been released in target areas for Þeld assessments. However, there is not enough information about their biology or interactions with their hosts. Here we describe the parasitization and development of P. tricuspis in two sizes of ants. We also evaluated the behavioral response of these ants to the attack of this ßy. We found no difference in the development of P. tricuspis when attacking small or large ants. The immatures showed similar developmental time and morphology in both groups of ants. The egg is laid in the thorax, and there are three instars before pupariation. The Þrst instar develops in the thorax, and it remains inside its serosa after hatching. It molts into a second instar soon after leaving its serosa. Second and third instars develop in the head. Pupariation takes place inside the head of the host. Adults eclose Ϸ19 d after pupariation. We also discuss some of the possible physiological mechanisms involved in the hostÐparasitoid interactions, as well as in the interactions with conspeciÞcs. The feasibility of developing in vitro rearing systems to culture this parasitoid is also addressed.
FLIES FROM THE family Phoridae have tremendously diverse life styles, including saprophagy, fungus-feeding, predation, and parasitism. Their larval stages and life histories are also diverse, even for those species that live in the same habitat (Ferrar 1987 , Disney 1994 . However, most larval Phoridae are specialized predators or parasitoids (Disney 1994) . Species from the tribe Metopinini are well known parasitoids of ants (Ferrar 1987) .
Because of phorid ßy host-speciÞcity and specialization on ants (Ferrar 1987) , their potential as biological control agents of ants has been investigated (Porter et al. 1995a (Porter et al. , 1995b Gilbert and Morrison 1997; Braganç a et al. 1998; Porter 1998a Porter , 1998b . Among these parasitoids, Pseudacteon spp. have received special attention as possible classical biocontrol agents of imported Þre ants in the United States. These parasitoids are expected to increase the competitiveness of the native species by disturbing the foraging behavior of imported Þre ants (Feener and Brown 1992, Porter 1998a) . Host preference, oviposition behavior, immature development, and foraging ecology for some of these ßies, as well as their effects on the population ecology of their hosts have been investigated (Fowler et al. 1995; Porter et al. 1995a Porter et al. , 1995b Gilbert and Morrison 1997; Morrison et al. 1997 Morrison et al. , 1999a Morrison et al. , 1999b Orr et al. 1997; Gilbert 1998, 1999; Porter 1998a Porter , 1998b Folgarait and Gilbert 1999) . Rearing procedures have been developed and improved to mass-produce Pseudacteon tricuspis Borgmeier and Pseudacteon curvatus Borgmeier (Diptera: Phoridae) for release (Pesquero et al. 1995 , Porter et al. 1997 .
Besides the biological diversity found in this group of parasitoids, little is known about the life history of Pseudacteon spp. and their interactions with the hosts during immature development. Understanding how and where parasitoid larvae develop, how and when gas exchange occurs, where and how they feed, and what they eat may improve our understanding of their interactions with the host and provide useful data that could improve techniques for rearing them. These data could also lead to the development of in vitro rearing techniques that would facilitate studies on the host-parasitoid physiological and/or hormonal interactions. In vitro rearing systems would also be useful to assess speciÞc physical or chemical requirements of some of the immatures of these parasitoids, such as the requirements for pupariation.
Herein, we describe the life history of P. tricuspis, a parasitoid that is currently reared and released as a Pokey" (HP): the ant tips its body to one side, with the legs on the elevated side of the body waving in the air and the legs on the substrate splayed. The mandibles are open. (5) Running (R): the ant runs quickly in a zigzag pattern, its abdomen is slightly raised and its mandibles are open. They often bite whatever they encounter Þrst, most often a sister who is subsequently released.
Attack Response Behavior and Successful Parasitization. Because of the low success in the parasitization of ants by the phorid ßies (Ϸ30%), we decided to investigate whether there was any correlation between posture adopted and successful oviposition by the female ßy. We followed the above procedure except that attacked ants were placed into separate boxes depending on which attack response behavior they adopted. These ants were subsequently dissected to determine at what rate successful oviposition occurred for each attack response behavior.
Collection of Immatures. Parasitized ants were transported to the Fire Ant Laboratory (Department of Entomology, Entomology Research Laboratory, Texas A&M University) on the day they were parasitized. Ants were kept in incubators and the conditions inside the rearing containers were assessed by using a data logger (HOBO, Onset Computer Corporation, Bourne, MA) (T ϭ 26 Ϯ 0.5ЊC, 70 Ϯ 10% RH, and a photoperiod of 14:10 [L:D] h with light intensity of 25 lumens during the photophase). Ants were kept inside plastic containers (27 by 19 by 6 cm) with a 4 by 4-cm screen in the lids to allow ventilation and to avoid water condensation in the container. New reproductive brood was added twice a week into the colony to supplement the diet of the ants with protein, which is normally provided by brood. Adult crickets, mealworm larvae, or pupae were offered every 2Ð3 d as food to the ants. Water and sugar-water solution were provided as described before, and the tubes were renewed twice a week to avoid contamination by microorganisms.
Ants were dissected daily from the day following their parasitization until no more pupae were found 1 wk after the last pupa was found. An average of 40 ants were dissected daily in saline solution (compound Ð g/liter: NaHCO 3 Ð 0.35; KCl Ð 0.40; Na 2 HPO 4 Ð 0.045; NaCl Ð 8.0; KH 2 PO 4 Ð 0.06; glucose Ð 40.2) (Hink and Butz 1985) , and the immatures collected were later Þxed in 2.5% glutaraldehyde in a 0.1 M cacodylate buffer. The thorax and head of every ant was dissected. If immatures of the ßy were not found, the abdomen was also dissected. However, abdomens were dissected only in Ϸ150 ants. The thorax of the ant was dissected by holding the petiole with a pair of tweezers while another pair was used to gently pull off the Þrst pair of legs of the ant. Usually, if the ant was parasitized the immature of the parasitoid was easily seen and removed from the host. Otherwise, the dissection proceeded by gently removing the other sternites. Heads were dissected after Þrst removing the mandibles of the ant, and subsequently pulling apart the head capsule. Altogether, Ϸ2,000 ants were dis-sected to follow the immature development of P. tricuspis.
Light and Electron Microscopy. Specimens dissected from the ants were Þxed overnight in 2.5% glutaraldehyde in a 0.1 M cacodylate buffer at 4ЊC, washed twice in the same buffer, transferred to 70% ethanol and stored in capped vials at 4ЊC. For light microscopy, specimens were perforated with a minute pin, dehydrated in ethanol, mounted in HoyerÕs medium, and left on top of a hot plate (Ϸ70ЊC) for 2Ð3 h.
Specimens prepared for scanning electronic microscopy (SEM) were postÞxed in 2% osmium tetroxide in a 0.1 M cacodylate buffer for 1 h, washed three times with distilled water, dehydrated in an ethanol gradient (50 Ð100%), dried in a CO 2 Critical Point Dryer, sputter coated with gold-palladium (400 nm), and viewed with a JEOL JSM-T330A at an accelerating voltage of 15 kV.
Results
Attack Response Behavior and Parasitization Success. Ants displayed all attack response behaviors with the same likelihood in ants collected from sieve 20 (small ants) ( 2 ϭ 7.806, df ϭ 3, P ϭ 0.05). For the small ants, the പ-posture was the least common ( 2 ϭ 51.80, df ϭ 4, P Ͻ 0.001) (Fig. 1A ). Phorid ßy females had the same success in laying eggs, regardless of posture assumed by large ants ( 2 ϭ 6.225, df ϭ 3, P ϭ 0.101). However, no eggs were found in 18-sieve ants (large ants) that assumed the പ-posture ( 2 ϭ 13.25, df ϭ 4, P ϭ 0.01) (Fig. 1B) .
Immature Development of Pseudacteon tricuspis. The procedure of sieving ants yielded two size-groups that were signiÞcantly different from each other (T ϭ 3806.0, P Ͻ 0.001, MannÐWhitney rank sum test). The average width of the head capsule of the large ants was 1.05 Ϯ 0.17 mm (n ϭ 55), whereas the width of the small ants was 0.90 Ϯ 0.12 mm (n ϭ 55). However, no differences were found in the average size of a subsample of ants from which the ßies had developed successfully (18-sieve: 1.00 Ϯ 0.32 mm; 20-sieve: 0.91 Ϯ 0.29 mm) (t ϭ 1.746, df ϭ 38, P ϭ 0.089, t-test).
Parasitization Success and Clutch Size. Pseudacteon tricuspis was much more likely to successfully parasitize the smaller ants (20-sieve, head width: 0.90 mm), with developing stages of the parasitoid found in 42% of the ants they attacked. However, phorid immatures were found in only 20.2% of the larger ants (18-sieve, head width: 1.05 mm) ( 2 ϭ 10.3, P ϭ 0.001). A single egg/host was the primary clutch size of P. tricuspis. This clutch size was found in 84.6 and 91.4% of the parasitized ants collected from sieve 20 and 18, respectively. We also found ants containg two (14.7%) and three eggs/host (0.7%) in the smaller ants (sieve 20), whereas 8.6% of the bigger ants also had two eggs/host. However, it appeared that the multiple clutches found in these few ants were not laid by the same ßy, but were due to superparasitism.
Although more than one egg was found in some ants, only one developed into a second instar and pupated. The second parasitoid could still be found in the thorax as an egg or, more commonly, as a Þrst instar inside its serosal membrane. In a few cases, both of the developing parasitoids were alive at the same developmental stage (Þrst instar) even many days after hatching. No cannibalism was detected among the larvae even when seven individuals were found in the same host (data from preliminary dissections, F.L.C., unpublished data). However, dead eggs or larvae were recorded in the thorax when late third instars were developing in the head of the host. The dead individuals were shrunken, with a fuzzy cuticle when viewed through an inverted light microscope.
Egg. Eggs of P. tricuspis are laid in the thorax. They are located dorsally between the two Þrst thoracic segments, close to fat body tissue. Data collected from the two size groups of ants were pooled because no differences were found in egg size (mean ϭ 393.0 m long from large ants, and mean ϭ 394.5 m from small ants; t ϭ -0.054, df ϭ 18, P ϭ 0.96, t-test) or embryonic development (mean ϭ 4.5 d long from large ants, and mean ϭ 5.1 d from small ants, T ϭ 66.5, P ϭ 0.23, MannÐWhitney rank sum test). Eggs are initially somewhat oval (length: 32.5 Ϯ 1.7 m; width: 13.5 Ϯ 1.0 m; n ϭ 4). They assume a more elliptical shape during embryonic development, and increase in size dramatically. They are 393.0 Ϯ 13.2 m and 168.7 Ϯ 7.4 m wide just before hatching (n ϭ 20), approximately two-thirds the size of the host ant thorax. They are shining white in color and the chorion surface is smooth, lacking sculpturing or accessory respiratory organs ( Fig. 2A) . Pseudacteon tricuspis takes 4.8 Ϯ 0.2 d (n ϭ 15) to complete embryonic development.
First Instar. First-instar P. tricuspis hatches from a longitudinal line that opens on the ventral side of the egg. However, the larva retains its serosal membrane as it leaves the chorion, remaining inside the serosa, exposing only its head (Fig. 2B) . Usually, it sheds its serosa soon after hatching. However, some newly hatched larvae seem to be arrested in their development and take longer than 24 h to shed the serosa, and later move to the head of the host to continue development. Some larvae were still arrested in their serosa 20 Ð25 d after host parasitization. Because no difference was found in the development time for Þrst instars from the two size-groups of hosts (size: 48 ϭ 482.1 m long from large ants, and 48 ϭ 521.7 m from small ants, T ϭ 150.5, P ϭ 1.0; developmental time: 48 ϭ 1.7 d from large ants, and 48 ϭ 1.6 d from small ants, T ϭ 50.5, P ϭ 0.805, MannÐWhitney rank sum test), the data were pooled. The Þrst instar is 501.9 Ϯ 21.8 m long and 178.1 Ϯ 6.2 m wide (n ϭ 24; range, 340 Ð780 m by 140 Ð240 m wide).
As soon as larvae leave their serosa and begin to move toward the hostÕ s head, they molt into the second instar still inside the thorax. Upon shedding its serosa, the Þrst instar is white, with an oval, elongated body. Abdominal segments have transverse lines with spine-like microtrichia (Fig. 2C ). The density of microtrichia on the last segment is much greater, especially around the posterior spiracles, where the tips of the microtrichia are much more slender. Thoracic segments lack any kind of cuticular ornamentation. Anterior spiracles are absent. Posterior spiracles resemble two small oval pads, which are sometimes hidden inside a folding of the cuticle of the last abdominal segment (Fig. 2C ). Spiracles are much more evident after the larva starts to develop, and a small opening can be seen in each spiracle when the larva is close to molt into the second instar (Fig. 2D) .
Larvae have exodont mandibles that move on a vertical plane (Figs. 2E and 3 A-D). The mandibles are ßat, slender in shape, asymetrical, and strongly sclerotized. The dorsally oriented mandible shows a much more conspicuous curvature, with a median sharp projection (Figs. 2E and 3A ). The other mandible shows a longitudinal sulcus, running almost to its tip. A curved denticle is found at each side of the cephalopharyngeal skeleton of P. tricuspis (Fig. 3) . It is slender with a short, sharp tooth located at the posterior third of the denticle (Fig. 3) . Two groups of four round openings are found on the dorsum of the larva (detail in Fig. 2E ). Two sensillar plates are found on the head of the larva next to the mouth opening (Fig.  2E ). These plates bear three peg-like structures, two of which are adjacent (a, in Fig. 2 E and F) , all inserted in a cuticular depression. The other peg in this depression is located apart from the others (b, in Fig. 2 E and F). Three other peg-like sensillae with broad, thick sockets are also present (c, in Fig. 2 E and F) . Small openings can be observed on the surface of four undifferentiated cuticular structures also found in this plate (d, in Fig. 2 E and F) .
The Þrst instars are found for only a short time in the thorax, before they molt into the second instar and move to the head. The Þrst instar lasts 1.6 Ϯ 0.6 d (n ϭ 14).
Second instar larva. The size and the developmental time of the second instar reared from the two sizes of host selected were similar (size: mean ϭ 865.6 m long from large ants, and mean ϭ 847.5 m from small ants, t ϭ 0.23, df ϭ 11, P ϭ 0.82; developmental time: mean ϭ 2.2 d long from large ants, and mean ϭ 2.3 d from small ants, t ϭ 0.37, df ϭ 10, P ϭ 0.72, t-test). The larva is elongated, and its morphology resembles that of the Þrst instar. It is on average 860.0 Ϯ 34.3 m long and 261.9 Ϯ 9.4 m wide (n ϭ 13; range, 660 Ð1,050 m long by 200 Ð315 m wide). The cuticle of the abdominal segments is similar in appearance to the Þrst instar, i.e., covered by spine-like microtrichia. Second instar can be differentiated from Þrst instar by the structure of the cephalopharyngeal skeleton. The basal third of both mandibles of the second instar are somewhat fused. Furthermore, both anterior and posterior spiracles are found, whereas only posterior spiracles are seem in the Þrst instar (Fig. 3 E and F) . Spiracles in the second instar are similar to those in the third instar. The larva is orientated toward the mouth opening of the host, and was always found close to the mandibular muscles.
Third Instar. Larvae reared in the two groups of ants were similar in size (mean ϭ 1,637.4 m long from large ants, and mean ϭ 1,522.8 m from small ants, T ϭ 741.0, P ϭ 0.243, MannÐWhitney rank sum test) and developmental time (mean ϭ 15.6 d long from large ants, and mean ϭ 15.7 d from small ants, T ϭ 975.0, P ϭ 0.704, MannÐWhitney rank sum test). It is a white, dorsoventrally ßattened larva (Fig. 4 A and C) . The larva is on average 1,576.9 Ϯ 42.8 by 626.2 Ϯ 17.5 m wide (n ϭ 53; range, 1,170 Ð2,325 m long by 375Ð975 m wide). The mouthparts are quite different from the two previous stages. The mouth hooks are fused in a spatulate structure. Denticles are found on a lateral expansion of the hypopharyngeal skeleton (Fig. 3 C  and D) . The anterior spiracles are sclerotized, thumblike structures, dorso-laterally located in the Þrst thoracic segment (Figs. 3E and 4 A and B) . Each spiracle has four tracheal lobes ending at slits on the cuticular surface (Figs. 3E, 4 B) . However, no functional openings were found associated with the anterior spiracles. The antennae are unilobate, dorsally located. They are dome-shaped, located in a hollow of the cuticle (a, in Fig. 4 D and E) . Two pad-like structures are located at the base of each antenna (Fig. 4E) . A peg-like structure is also inserted close to each antenna, inside the same hollow (b, in Fig. 4 D and E) . Two conspicuous sensillar plates are located laterally on either side of the mouth opening. Each plate holds three types of sensilla (Fig. 4E) . First, there are four pegs with broad, thick sockets (c, in Fig. 4 D and E) . Second, there are two papillae inserted directly in a hole of the cuticle (d, in Fig. 4 D and E) . Lastly, there are four more undifferentiated cuticular structures with pores in this plate (e, in Fig. 4 D and E) . Beneath the mouth opening are found four papillae ventrally in the Þrst thoracic segment (Fig. 4F ). Anterior and posterior spiracles are similar to those of the second instar (Figs. 3 E and F and 4B) . The hook-shaped posterior spiracles are encased in a depression of a protactile vesicle-like protuberance of the last abdominal segment (Figs. 3F and 5 A and B) . A hole (Ϸ2 m) is found at the base of each spiracle, and seems to be used to encase its sharp tip when the vesicle is closed (Fig. 5  A and B) . A short, tube-like cuticular projection (Ϸ2.2 m long by 1 m wide) extending toward the external line of the body is found in each posterior spiracle (Fig. 5C) . This tube has a hole at the tip, and it was found to be associated internally with a tracheal lobe of the larva.
The larva is essentially glabrous, except at the last abdominal segment on which numerous spine or scale-shaped microtrichias are found. On this last abdominal segment there are four papillae inserted in differentiated sockets (Fig. 5B) .
Initially during development, the larva orients its posterior end toward the mouth of the host. Later, it is always found between the dorsal arms of the tentorium of the host, oriented toward the mouthparts of the host. At this time the damage to the mandibular muscles are noticeable. The mandibular muscles are extremely reduced, and the weakness of the remaining tissue is evident. Mandibles detach from the head very easily when pulled with a pair of tweezers. Damage to the cellular structure of the eyes is also noticeable. All tissues from the head are consumed by the larva be- fore pupariation. Although the brain is the last tissue to be destroyed by the larva, it seems to shrink in size along with the development of this instar. Also, there is a color change in the brain tissue from a shiny white to a pale white, before the larva feeds on it. The mature larva retracts its head and the anterior segments of the thorax, bringing the anterior spiracles closer to the mouth opening. The larva goes through a prepupal, nonfeeding stage that takes almost 2 d. Although the prepupa is morphologically different from the third instar, no molt seems to occur (Fig. 6A) . The mouthparts of the host are pushed apart and a sclerotized plate is formed at the anterior end of the puparium, closing the aperture left by the shedding of the labial plates of the host (Fig. 6B) .
Puparium. The puparium of P. tricuspis is membranous, thin, and soft. The cephalic region and the shortened thoracic segments of the larva form an anterior, sclerotized plate. This plate is dark brown in color. It holds the anterior spiracles and the sealed opening of the mouth of the larva. Remains of the larval cephalopharyngeal skeleton can still be found in this plate (Fig. 6B) . During pupariation, the maxillo-labial plate of the host is pushed away and the mandibles are pushed aside to leave enough room for sclerotization of the larval plate (Fig. 6B) .
The puparium Þlls the head of the host, and therefore its shape resembles that of its hostÕs head capsule. It is slightly dorsoventrally compressed, with a triangular shape (Figs. 6C and 7 A and B) . Remains of the larval cuticle are still found covering part of the puparium. The cuticle of the puparium has many rod-like structures on its surface. Groups of small pores are found underneath these cuticular structures (Fig.  6D) . The respiratory horns are produced during the development of the puparium of P. tricuspis, and they are generally visualized 2 d after pupariation protruding from the head capsule of the host through the space left where the mandibles were (Fig. 7A) . The horns are Ϸ300 m long and 14 m wide with two rows of depressed, circular structures running from the base to the top (Fig. 7 C-E) . These structures have a slit in the center that may be found completely opened or mostly closed, with only a very small portion opened as a pore (Figs. 7 D and E) . The anterior spiracles are the only ones found in the puparium. The pupal stage is the longest in the pre-imaginal development of P. tricuspis, with males eclosing after 19.7 Ϯ 0.2 d (n ϭ 22) and females after 19.6 Ϯ 0.3 d (n ϭ 44). No differences were found between the two groups of hosts or gender of the developing ßies (host size: F ϭ 0.80; df ϭ 1, 65; P ϭ 0.37; gender: F ϭ 0.12; df ϭ 1, 65; P ϭ 0.73; interaction: F ϭ 0.1; df ϭ 1, 65; P ϭ 0.78, two-way analysis of variance.
Most of the ßies pupariated 15Ð25 d after the host was parasitized, although pupariation can occur even after 46 Ð 48 d of eggÐlarval development (Fig. 8) . The eclosion of adults from 18-sieve was much better than from 20-sieve, and those that pupariated Þrst had a much better survivorship to the adult stage (Fig. 8) .
Behavior of the Parasitized Host. Fire ant workers parasitized by the phorid ßies do not show any external morphological changes during the immature development of the Þrst two instars of P. tricuspis. However, ants seem to develop a darker pigmentation of the cuticle after the larvae start the third instar, becoming more evident when the ßy is close to pupariation. By this time, ants become motionless, keeping their mandibles open. Nevertheless, changes in the behavior of parasitized ants are much more pronounced. Ants still attended the brood, but they were seldom seen foraging in the patch with food or visiting the glass tubes Þlled with water or sugar-water solution. Most of the time they stayed inside the nest, close to the brood. The majority of the attacked ants were less aggressive, even when the brood inside the nest was disturbed. These behavioral changes occurred with all parasitized ants, regardless of whether development of the phorid larva was successful or not. 
Discussion
The literature on the immature development of phorid parasitoids is limited and a comparison of the developmental time of P. tricuspis with other species is difÞcult because the rearing conditions differ for each of them. However, the developmental time of P. tricuspis from egg laying to adult eclosion was close to the developmental time reported in studies in which this ßy was reared at temperatures similar to those we employed (Morrison et al. 1997 , Porter et al. 1997 . The developmental time of P. tricuspis found in our study is also in the range of that reported for other species of phorids (Ferrar 1987 , Porter et al. 1995a , Morrison et al. 1997 .
Features of the immature stages raised questions about the nutrition, functional morphology, intra-speciÞc interactions and physiology of P. tricuspis.
Nutrition. Eggs of this parasitoid seem to be partially hydropic, because they grow Ϸ10 times in size. This characteristic has been related to the adult diet and ovarian function (proovigeny versus synovigeny) in some species of parasitic Hymenoptera (Le Ralec 1995). Hydropic eggs are commonly related to proovigenic species that do not feed on the host or on a protein diet. The contribution of females of these parasitoids for the development of their progeny is to produce eggs that are very active in synthesizing proteins during their embryogenesis (Le Ralec 1995). Adults of P. tricuspis do not feed on the host, they apparently feed on nectaries of different species of plants, showing a food intake very low in proteins. The ovarian function of this species is unknown, and it should be addressed to provide a better picture of the physiology of embryonic development. However, the ovary of Pseudacteon wasmanni Schmitz, another antdecapitating ßy, was not shown to have any previtellogenic follicle, indicating the egg load at eclosion represents its total fecundity (A. A. Zacaro and S. D. Porter, personal communication). Yet, some species of phorids can lay eggs with enough nutrients to allow the larva to molt to a third instar inside the egg before hatching to complete development (Disney 1994 ). An evaluation of the nature of egg contents of P. tricuspis would indicate the required nutrients that are taken up from the host for embryogenesis. Hydropic eggs of Microplitis croceipes (Cresson) (Hymenoptera: Braconidae) have been shown to take up amino acids from the host hemolymph for protein synthesis in- stead of proteins (Ferkovich and Dillard 1986, Tilden and Ferkovich 1987) . However, a speciÞc host-derived glycosylated polypeptide (Ϸ230 kDa) was found to be required to initiate the embryogenesis (Greany et al. 1989) . In some cases, chemicals injected along with the egg into the host or products derived from the development of the parasitoid can induce physiological or hormonal changes in the host. Such changes can be exempliÞed as an increment in the level of free amino acids or induction of synthesis of speciÞc proteins that are used for the development of the parasitoid (Vinson and Iwantsch 1980 , Vinson 1984 , Thompson 1993 . Modulation of the host physiology is so important for some species of parasitoids that their development can be synchronized with speciÞc changes of the physiology of their hosts (Pennacchio et al. 1993 ).
The behavioral change (suppression of foraging by ants -starvation) found in ants that were parasitized by the ßy indicates the ßy might be injecting other chemicals into the host, because those ants in which the ßies did not develop successfully were also affected. The composition of the hemolymph of starved hosts can be completely different from that of the beginning of the development of the parasitoid. Changes in the hostÕs physiology induced by starvation could reßect an adjustment of the suitability of the host to speciÞc requirements of each stage of the development of the ßy. The effects of starvation on the biochemistry of the hemolymph of insects seem to be variable. Some species show an increase in the levels of lipids, proteins, and sugars, whereas others have a decrease (Wharton et al. 1965 , Abd-el-Hamid et al. 1988 , Arrese et al. 1996 , Janarthanan et al. 1999 .
However, the starvation found in the parasitized ants in our experiment might have affected the development of the ßies, and it could explain the delay in the larval development and the low rate of adult eclosion. The suppression of the foraging by ants in natural conditions was hypothesized to be an advantage to the development of the ßies, because it would extend the longevity of the host and increase the likelihood of the parasitoid to complete its develop- ment (Porter 1998a) . Nutrition of parasitized ants may depend on the nonparasitized ants that feed them by trophollaxis. This conclusion is supported by the fact that the developmental rate of the parasitoid can be accelerated by feeding the workers (S. D. Porter, personal communication) , indicating that the parasitized ants have access to the nutrients offered. But, in this case, parasitized ants were kept together with nonparasitized ants, supporting the idea that the parasitized ants could be fed by the nonparasitized ants. However, we can also hypothesize that changes in the behavior (suppression of foraging) of the attacked ants would beneÞt the ßies by reducing the chances of super-or multiparasitism. In this way, intra-or interspeciÞc competition would be avoided.
Intra-Specific Interactions. The chemicals that may be regulating the host for the development of the ßy may also play an important role in the suppression of conspeciÞcs. Changes in the composition of the host hemolymph due to host regulatory factors produced by the parasitoid can also be used to suppress development of a conspeciÞc. Mechanisms that can result in the physiological suppression of a conspeciÞc by the use of secretions from the larva, embryonic-derived cells, or adult female have also been recorded in hymenopteran parasitoids (Vinson and Hegazi 1998) . In addition to the fact that no apparent accessory gland openings exist on the phorid larva, our hypothesis of physiological suppression of a conspeciÞc is supported by the fact that preliminary incubation of the larvae of P. tricuspis did not result in the production of any measurable chemicals.
Functional Morphology. Most traits of the external morphology of the immatures of P. tricuspis are typical of phorids, and few fall outside the range of variation found in this group of insects. Our description of the egg and the Þrst two instars is important because most work on parasitic species includes descriptions of only the third instar and puparium in detail (Ferrar 1987; Brown and Feener 1991, 1993; Brown 1993) .
The morphology of the mouthparts of the Þrst and second instars is peculiar, and understanding its function is very difÞcult. Although we could not Þnd similar characters among other phorid parasitoids, the morphology of the cephalopharyngeal skeleton of the Þrst two instars of P. tricuspis resembles that described for other Cyclorrhapha Þrst instars (Rikhter and Farinets 1989) . Although Þrst and second instars of P. tricuspis always had full guts, tissue damage to the host was negligible. The mandibles of these immatures apparently do not have the ability to chew food. However, they could be used to scrape tissues from the host, which may be digested extra-orally and then ingested by the larva. Another possible mechanism is that the mandibles could be used to anchor the larva to a tissue while the denticles would effectively tease the tissue apart before ingestion. We also suspect that the Þrst instar uses the mandibles to help move from the antÕs thorax through the neck into the head. We do not know the function of the two sets of four openings found above the mouth of the Þrst instar. They can be openings from the labial glands or structures to help anchor the larva to a tissue.
Gas Exchange. The presence of openings in the posterior spiracles of the larvae indicates the need for an external supply of oxygen, especially for the second and third instars. The morphology of the posterior spiracles in these two instars suggests that they are used to perforate and attach to a hostÕs trachea from which oxygen could be taken up. The vesicle-like shape of the last abdominal segment would involve these structures, providing a closed chamber for gas exchange. However, larvae were never found attached to their hosts, but this can be an artifact of the procedure of dissection. Ultrastructural studies of the parasitized host would provide detailed information on how the oxygen is taken up by the posterior spiracles.
Pseudacteon tricuspis seems to have special requirements for pupariation, because it uses the head capsule of the host as a shelter. Another parasitoid of this genus has been shown to be very sensitive to low humidities (Porter et al. 1995a) , and this could be one of the reasons for the high mortality found during the pupal stage of P. tricuspis. Providing the required humidity for pupal development has been a problem because high humidities facilitate the growth of microorganisms, especially fungi. Also, the requirements for gas exchange in this stage seem to be more complex. We were unable to determine the function of the anterior spiracles based on morphology. Gas exchange is more likely to occur through the openings of the horns. Dissection of some puparia indicated that the horns might be connected to a large spiracle located in the Þrst thoracic segment of the adult. The rod-like structures found on the surface of the puparium might also constitute a specialized system for gas exchange, because small openings were found underneath the rods. Studies of the ultrastructure are necessary to better investigate the function of these structures.
The sensilla found on larvae of P. tricuspis are slightly different in number and position from those described for other species of Diptera, and electron microscopy studies have shown such sensilla to be contact chemo-and mechanoreceptors (Chu-Wang and Axtell 1971 , 1972a , 1972b Yamada et al. 1981) . The chemosensory function of the sensillar plate of P. tricuspis is evident because of the presence of four small openings, which can be used to perceive chemical stimuli. They could function to orientate the larvae in its movement toward to the hostÕs head.
Although sex determination appears to be host-size related in some species of Pseudacteon, including P. tricuspis (Morrison et al. 1999a ), our study did not involve sufÞcient sample sizes of phorids reared from different host sizes to address this issue.
Host-Parasitoid Interactions. The low success in parasitizing the ants may indicate the host was not physiologically appropriate for egg laying or development. The fact that some of the Þrst instars that showed an arrestment in their development and yet later molted to second instars and developed to the pupal stage suggests that the parasitoid may require the host in a speciÞc physiological stage for their further development. Although Pseudacteon spp. prefer to oviposit on certain size ranges of ants (Morrison et al. 1997; Orr et al. 1997) , there might be additional host attributes used by phorids to select suitable hosts. Host age may also be a critical factor. Ants go through a process of aging in which they change their status inside the colony, starting as nurses and ending up as foragers (Mirenda and Vinson 1981, Vinson 1997) . These changes are certainly under physiological control, and factors driving these changes can also be triggering the development of P. tricuspis. Others species of phorids use the age of the host for selecting the most appropriate stage for egg laying. Phalacrotophora spp. (Diptera: Phoridae) can distinguish prepupa of Coccinella septempunctata L. (Coleoptera: Coccinellidae) of different ages, selecting the older ones to oviposit (Hurst et al. 1998) .
Our study of the life history of P. tricuspis indicates that this parasitoid may have a much broader range of effects on the behavior of the host than has been reported thus far. Disturbance of Þre ant foraging and defense behaviors has been stressed as the main effects of the phorids. These studies focused on changes in foraging ecology and defense of the ants when the ßies were present. However, nothing has yet been done to assess the intracolony effects of parasitism.
Further research into the hostÐparasitoid physiological interaction is necessary to understand the nutritional or hormonal requirements for the embryonic development and the Þrst-instar molt. These factors are essential for the development of an artiÞcial diet that would support their development in vitro. However, other factors might also be addressed, such as the requirements for gas exchange during larval and pupal development, as well as the physical cues to allow pupariation in this species. Host selection behavior is another issue that requires more investigation. Understanding which cues are involved in host recognition and acceptance, and which ones elicit oviposition, is essential before an artiÞcial host or a technique to artiÞcially collect a great number of eggs can be developed.
